This paper examines the external debt sustainability in Turkey over the period Perron (1998, 2003) 
INTRODUCTION
The issue of external debt sustainability is widely debated in the theoretical and empirical literature since 1970s. This issue has become much more important since 1996, as debt relief initiatives for some low income countries have for the first time been based partly on the aim of making countries' debt "sustainable", rather than on the lowest common denominator of what creditors are willing to provide. Debt sustainability refers to a country's ability to service its borrowing, foreign and domestic, public and public guaranteed, private non-guaranteed, including both short and long term debt, without compromising its long term development goals and objectives. International Monetary Fund (IMF) describes the debt sustainability as follows: "a situation in which a borrower is expected to be able to continue servicing its debts without an unrealistically large correction to the balance of income and expenditure" (IMF, 2002) .
A country's external debt is sustainable when two conditions are satisfied (Pradelli, 2006) : (i) the expected foreign exchange flows associated with foreign trade and finance are balanced for a given time horizon, ii) the foreign exchange flow mismatches that may arise within that horizon are expected to be financed by international capital markets. These conditions are related to the solvency and liquidity notions. Here, it is important to note that solvency, liquidity and vulnerability are sub-components which debt sustainability incorporates. Solvency is a situation in which the present discounted value of the government's primary surpluses is greater than the present discounted value of its debt servicing. On the other hand, the liquidity is a situation in which the liquid assets and available private financings are sufficient to roll over its maturing liabilities while vulnerability is the risk that liquidity will be interrupted by an economic shock. In the model of external debt sustainability, a debtor country is solvent 1 * Istanbul University, Faculty of Economics, Department of Econometrics, 34452, Beyazit, Istanbul, Turkey. Tel: (212) 440-00-00 /11661, E-mail: kburcu@istanbul.edu.tr when it satisfies an intertemporal budget constraint.
There may be mainly three reasons for non-repayment of the external debt of a country (Eaton, 1989; Utkulu, 1994) . These are illiquidity, insolvency and unwillingness to pay. Under the illiquidity approach, the debt crisis is temporary and it should be met by new financing arrangements designed to buy time until the situation improves. According to the solvency approach, the debtor country repays the debt as long as it is able to pay. Finally, the debtor country may be liquid and able to pay its debt, but unwilling to do it.
There are many alternative indicators for external debt sustainability in assessing insolvency. Three most commonly used indicators are the external debt to GDP ratio, the external debt to export ratio and the external debt to government revenues ratio (Roubini, 2001) . In this ratios, a non-increasing external debt to GDP ratio is seen as a practical sufficient condition for sustainability. According to this condition, a country is likely to remain solvent as long as the ratio is not growing. If the debt to GDP ratio in a country is growing, the difference between the current trade balance and the trade surplus is required to stabilize the debt to GDP ratio. In order to stabilize this ratio, a larger trade surplus is required when a real depreciation increases the debt to GDP ratio. It can be stated that while a real depreciation increases the debt stock, it may also improve the external balance and does help to improve sustainability (Roubini, 2001 ).
While searching sustainability, the stationarity of the external debt is essential for the validity of the intertemporal budget constraint. Unit root and cointegration tests provide useful tools for implication of a government's or nation's intertemporal solvency. These tests determine whether a government or country is able to sustain its budget or external deficits without defaulting on its debt (Önel and Utkulu, 2006) . In this point, Diebold and Rudebusch(1991) and Sowell(1990) argue that conventional unit root tests may have low power against fractional alternatives.
The aim of this paper is to examine the external debt sustainability of Turkey over the period . There are some studies in the literature which investigate the sustainability of the external debt for Turkey. Bahmani-Oskooee and Domac(1995) use a methodology to the growing Turkish external deficits and they are able to find evidence for external debt sustainability. Özatay(1994, 1997) examines the sustainability of the Turkish public sector deficits and fiscal policy and rejects the sustainability. Following the methodology of Hakkio and Rush(1991) , Utkulu(1998) examines the long run tendency of the Turkish exports and imports and finds no evidence of cointegration between exports and imports implying that the external debt of Turkey is not sustainable. Önel and Utkulu(2006) investigate the external debt sustainability in Turkey by using usual intertemporal budget constraint in the contexts with and without structural breaks. They conclude that Turkish external debt is weakly sustainable. Mohammadi et al.(2007) 
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The difference of this paper from the others is that the sustainability of Turkish external debt is investigated by means of fractionally integrated approach instead of classical approaches based on or integration. For this purpose, we use Robinson(1994a) test which has several distinguishing features compared with other procedures for unit and/or fractional roots. In particular, the test has a standard null limit distribution and it is the most efficient one when directed against the alternatives. This paper concentrates on the following points: First, we investigate the sustainability of the external debt without taking into account possible structural breaks in the data. Since Granger and Hyung(1999) and Diebold and Inoue(2001) argue that the long memory property in the data may be due to the presence of structural breaks or regime switches, in other words, the structural breaks and long memory properties are related concepts, we determine the potential structural breaks by using Perron (1998, 2003) multiple structural break test. Then, we also examine the Turkish external debt sustainability by taking into account determined structural breaks.
The plan of the paper is constructed as follows: Section 2 presents the fractional integration procedure of Robinson(1994a) and multiple structural break test of Perron (1998, 2003) . Section 3 describes the data and gives empirical results. Finally, Section 5 contains conclusions.
METHODOLOGY

This section describes the Robinson(1994a) test for fractional integration and Bai and
Perron (1998, 2003) test for multiple structural breaks.
ROBINSON TESTS FOR FRACTIONAL INTEGRATION
As reported before, the external debt sustainability of Turkey is investigated by using different versions of fractional integration test suggested by Robinson(1994a) . The main advantage of this procedure is that it tests unit and fractional roots with a standard null limit distribution, which is unaffected by inclusion or not of deterministic trends. Robinson(1994a) considers the following regression model, ,
where is the observed time series for , is a vector of unknown parameters, t z is a vector of deterministic regressors such as an intercept or a linear trend. And the regression errors can be explained as follows:
where L is the lag operator and t u is an (0) I process. Here, d can take any real value. If
x is said to be long memory (Granger and Joyeux, 1980; Hosking, 1981) . The process is nonstationary and exhibits long memory if 0.5 1 d < < . Clearly, the unit root case corresponds to
, the process is stationary and exhibits long memory. When
the process is stationary as well as mean reverting with the effects of the shocks dying away in the long run. On the other hand, the process is non-stationary even if the fractional parameter is significantly less than 1, when 0.5 d ≤ .
The Lagrange Multiplier (LM) test suggested by Robinson(1994a) tests unit roots and other forms of nonstationary hypotheses, embedded in fractional alternatives. The null hypothesis of the test is as follows:
The test statistic can be described by:
Here, T is the sample size and ; ;
where is the periodogram of and * T is a compact subset or the Euclidean space. Robinson(1994a) showed that the test statistic under certain regularity conditions is as below:
Thus, a one sided 100 % a level test of Eq(3) against the alternative is given by the rule "Reject 0 H if " where the probability that a standard normal variate exceeds is a and conversely, a one sided 100 % a level test of Eq(3) against the alternative is given by the rule "Reject 0
Several works including Granger and Hyung(1999) and Diebold and Inoue(2001) argue that structural breaks or regime switchings can generate spurious long memory behaviour in an observed time series. In other words, the long memory property in the data may be due to the presence of structural breaks or regime switches. This is called "the spurious long memory process". In order to avoid spurious long memory problem, we also determine the possible structural breaks in the data by using Perron (1998, 2003) multiple structural break test. Perron(1998, 2003) consider the following multiple structural break model with m breaks ( m+1 regimes): • Two maximum tests of the null hypothesis of no structural break versus the alternative of an unknown number of breaks given some upper bound, i.e., test, an equal weighted version, and test, with weights that depend on the number of regressors and the significance level of the test.
BAI AND PERRON TESTS FOR MULTIPLE STRUCTURAL BREAKS
• The test, i.e., a sequential test of the null hypothesis of l breaks versus the alternative of (
The asymptotic distributions of these three tests are derived in Bai and Perron(1998) and asymptotic critical values are tabulated in Perron(1998, 2003) test. The number of breaks can also be chosen by the Bayesian information criterion, BIC (Yao, 1988) ; and the Schwarz modified criterion, LWZ (Liu, Wu and Zidek, 1997) .
DATA AND EMPIRICAL RESULTS
This paper investigates the sustainability of external debt in Turkey by using external 
Figure 1: The plot of the external debt to GDP ratio (%)
As can be seen from the figure, the ratio of external debt to GDP shows a nonstationary behavior and includes structural breaks. Since the plot is only suggestive of the behavior of the series, we focus on this in the context of different techniques. Before the analysis, it is considered that descriptive statistics and Augmented Dickey Fuller (ADF) and Philips and Perron (PP) unit root tests give some information about the series. Table 1 reports the descriptive statistics and the results of the mentioned unit root tests. Large negative values for the ADF and PP test statistics reject significantly the unit root null hypothesis, implying that the ratio of external debt to GDP is stationary after first differencing.
Since the concept of traditional unit root tests are too restrictive, we consider to investigate the sustainability of the external debt for Turkey by using different versions of Robinson(1994a) test. As a first step in our analysis, we examine the Turkish external debt sustainability without taking into account possible structural breaks in the data. ) and for other fractional alternatives are reported in Table 2 . (2001) claim the long memory property in the data may be due to the presence of structural breaks or regime switches. Since the structural breaks and long memory properties are related concepts, we consider that the ratio of external debt to GDP may be affected by structural breaks over the sample period and determine potential structural breaks by using Perron (1998, 2003) multiple structural break test. This procedure allows to test for multiple breaks at unknown dates, so that each break point is successively estimated by using a specific-to-general strategy in order to determine consistently the number of breaks. The maximum permitted number of breaks is set at Table 3 . running between 1 and 5, so that at least one break would be present. On the other hand, both max UD and max WD statistics are highly significant which implies that at least one break is present in the data. Since the significance of these tests does not provide enough information about the exact number of breaks, we try to choose number of breaks by using restrictions were adopted, and also protection rates in imports regime were steadily lowered.
Besides, export licenses were abolished, and export liberalization was put in effect as a major policy issue in the Turkish economy politics (Varol, 2003) . So, the ratio of external deficit to GDP fell from 7 percent in 1980 to 1 percent in 1988. On the other hand, the second break refers to the years when Turkey's external debt stock increased. In 1982, it was 17.2 billion dolar, then it reached 25.6 billion dolar in 1985. We need to take into account these breaks in the analysis.
Robinson(1994a) test permits us to include structural breaks in the model with no effect on Table 4 2 .
2 Since the BIC criterion in the Bai Perron multiple structural break test gives two significant breaks in 1979 and 1985, we also strategy, preventing a debt crisis is a crucial policy concern. External debt crises prevention hinges on one condition, that the debt payment capacity of debtor countries is fully supported by its export capacity. Hence, trade plays a critical role in external debt sustainability of Turkey. On the other hand, Turkey should also build and improve institutional framework for debt management. Within this framework, it is important to assign specific roles and responsibilities to different government entities: the ministry of finance, the central bank and the debt management agency. This framework should be adapted to the administrative capacity of Turkey.
CONCLUSIONS
This paper investigates the sustainability of Turkish external debt in the context of fractionally integrated approach over the period from 1970 through 2010. In the first step of the analysis, the Robinson(1994a) test for fractional integration is applied without taking into account possible structural breaks in the data. The results show that ratio of external debt to GDP is a non-stationary process with long memory when the potential structural breaks are ignored.
In this case, the sustainability of the Turkish external debt is not valid. Since Granger and Hyung(1999) and Diebold and Inoue(2001) argue that the long memory property in the data may be due to the presence of structural breaks or regime switches, we consider to determine possible structural breaks by using Perron (1998, 2003) multiple structural break test in the second step. According to the BIC criterion of the test, two break dates are identified around 1979 and 1985. By including the dummy variables for these breaks, we again repeat the Robinson(1994a) test. In the context of structural breaks, the findings still indicate that the ratio of external debt to GDP follows nonstationary long memory behavior. It can be concluded that the external debt of Turkey is not sustainable. This kind of finding shows that fiscal, monetary and exchange rate policies in Turkey is not effective. For a sustainable debt strategy, Turkey should prevent debt crises by improving her trade capacity. In addition, Turkey should also build and improve institutional framework for debt management by assigning specific roles and responsibilities to different government entities: the ministry of finance, the central bank and the debt management agency.
